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GENERAL  SUMARY 


The  main  goal  of  this  report  was  to  determine  the  general  and  detailed 
chemical,  physical  and  radiological  characteristics  of  the  surface  layers 
(to  a  depth  of  20  centimeters)  of  known  uranium  tailings  deposits  in 
Ontario.    This  information  is  useful  because  programs  concerned  with  the 
reclamation  by  revegetation  of  Ontario  uranium  tailings  masses  are 
routinely  restricted  to  activities  involving  these  layers. 

It  is  necessary  to  emphasize  that  the  information  presented  here  is  only 
intended  to  represent  the  chemistry  and  physics  of  the  surface  layers  of 
the  tailings  deposits  in  question  and  is  not  intended  to  represent  the 
overall  compositions  of  the  deposits. 

The  general  chemical,  physical  and  radiological  characteristics  of  these 
deposits  are  noted  in  Tables  one,  two  and  three  which  follow.  The 
detai 1 ed  characteristics  of  these  deposits  are  found  in  Appendix  A 
(Elliot  Lake  Camp)  and  Appendix  B  (Bancroft  Camp)  of  this  report. 

Note  No.  1 

(a)  Chemical  Data 

All  chemical  data  (examples:    copper,  tin,  potassium,  etc.)  in  the 
report  are  expressed  as  milligrams  per  kilogram  (except  for  pH  values 
and  where  stated). 

(b)  Physical  Data 

All  physical  data  (screen  tests)  in  this  report  are  expressed  in 
percent  retained  on  each  sieve. 

(c)  Nuclear  Data 

All  nuclear  data  in  this  report  are  expressed  as  picoCuries  per  gram 
except  uranium  which  is  expressed  as  micrograms  per  gram. 

Note  No.  2 

The  "Typical  Values"  and  "Typical  Compositions"  quoted  in  this  report  are 
based  on  tne  detailed  data  given  in  Appendix  A  and  Appendix  8.  "Typical" 
values  and  compositions  were  arrived  at  by  taking  simple  arithmetic 
averages  of  available  data  after  rejecting  erratic  or  anomalous  data. 
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TABLE  ONE 


CHEMICAL  DATA 
TYPICAL  VALUES 


 Mining  Camp  

Elliot  Lake  Bancroft 


*pH  val  ue 

4.3 

4.9 

Moisture  % 

15.2 

18.8 

Boron 

as  B 

<20 

<20 

Carbonate  as  CO3 

1,890 

722 

Chloride  as  CI 

240 

396 

Fl uori  de  as  F 

95 

3,211 

Total 

Kjeldahl  Nitrogen  as  N 

41 

26 

Total 

Phosphorus  as  P 

150 

595 

Sulphate  as  SO4 

53,911 

35,617 

Sul phur  as  S 

25,040 

10,014 

Total 

Al  uminum  as  Al 

22,810 

42,233 

Total 

Antimony  as  Sb 

<0.8 

<0.8 

Total 

Arsenic  as  As 

<13 

<12 

Total 

Barium  as  Ba 

150 

326 

Total 

Bismuth  as  Bi 

19 

<1.2 

Total 

Cadmium  as  Cd 

<2 

<2 

Total 

Cal  ci  urn  as  Ca 

4,169  , 

21,088 

Total 

Chromium  as  Cr 

14 

23 

Total 

Cobalt  as  Co 

19 

10 

Total 

Copper  as  Cu 

29 

21 

Total 

Indium  as  In 

2 

4 

Total 

Iron  as  Fe 

19,160 

23,478 

Total 

Lead  as  Pb 

160 

135 

Total 

Lithium  as  Li 

4 

44 

Total 

Magnesium  as  Mg 

200 

1,717 

Total 

Manganese  as  Mn 

13 

630 

Total 

Mercury  as  Hg 

.08 

.08 

Total 

Molybdenum  as  Mo 

<15 

<31 

Total 

Nickel  as  Ni 

<8 

<13 

Total 

Potassium  as  K 

8,090 

13,539 

Total 

Selenium  as  Se 

<0.7 

<0.6 

Total 

Sodium  as  Na 

311 

16,475 

Total 

Strontium  as  Sr 

14 

270 

Total 

Tin  as  Sn 

67 

127 

Total 

Titanium  as  Ti 

4,644 

3,163 

Total 

Tungsten  as  W 

56 

124 

Total 

Vanadium  as  V 

<14 

36 

Total 

Zinc  as  Zn 

14 

67 

*  While  the  surface  layers  in  both  camps  appear  to  be  slightly  acid, 
tailings  at  depth  (unaltered)  are  routinely  neutral  or  alkaline  in 
nature. 
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TABLE  TWO 


PHYSICAL  DATA 
TYPICAL  VALUES 


Percent  Retained  on  Each  Screen 


Mining  Camp 

Tyler 
Sieve 
No.  18 

Tyler 
Sieve 
No.  35 

Tyler 
Sieve 
No.  60 

Tyler 
Sieve 
No.  140 

Tyler 
Sieve 
No.  270 

Tyler 
Sieve 
No.  400 

Tyler 
Sieve 
Pan 

Elliot  Lake 

<1.1 

6.3 

29.9 

42.8 

16.6 

5.0 

3.2 

Bancroft 

<0.3 

1.3 

5.6 

52.9 

24.4 

6.0 

5.8 
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TABLE  THREE 


RADIOLOGICAL  DATA 
TYPICAL  VALUES 


Elliot  Lake 

Bancroft 

al  pha  acti  v  ity 

599 

193 

beta  activity 

662 

314 

garnna  activity 

759 

455 

U 

31 

19 

Ra-226 

92 

92 

Ra-228 

20 

30 

Pb-210 

86 

82 

Th-227 

8 

4 

Th-228 

25 

17 

Th-230 

59 

27 

Th-232 

20 

13 

Po-210 

156 

89 

Bi -210 

90 

111 
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DETAILED  SUNMARY 

(A)  Chemical  Characteristics  of  the  Surface  Layers  of  Known  Ontario 
Uranium  Tailings  Deposits 

(see  Table  One) 

The  surface  layers  of  the  tailings  deposits  at  Elliot  Lake,  in 
general,  appear  to  be  only  slightly  more  acid  than  those  at 
Bancroft.    The  moisture  content  of  these  layers  in  both  camps  is 
similar  at  approximately  15  percent. 

For  practical  purposes,  the  surface  layers  of  the  tailings  deposits 
in  the  Elliot  Lake  and  Bancroft  areas  contain  almost  identical 
amounts  of: 

anti  mony 
arsenic 
boron 
cadmium 
mercury  and 
sel enium 

and  roughly  comparable  amounts  of: 

chromium 
chl ori  ne 
cobal t 
copper 
i  ndium 
i  ron 
lead 

mol  ybdenum 
nickel 
tin  and 
titanium 
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The  surface  layers  of  tailings  in  the  Bancroft  camp  generally 
contain  more  of  the  following  substances  than  do  similar  layers  in 
the  Elliot  Lake  camp: 


Magnesi  urn 
Manganese 
Sodi  urn 


Phosphorus 
Al uminum 


Tungsten 
Vanad  i  urn 


Fl uori  ne 


Cal ci  urn 


Barium 


Zinc 


Stront  ium 


Lithium 


34  times  Elliot  Lake  concentration) 

4  times  Elliot  Lake  concentration) 
2  times  Elliot  Lake  concentration) 
2  times  Elliot  Lake  concentration) 

5  times  Elliot  Lake  concentration) 
11  times  Elliot  Lake  concentration) 

9  times  Elliot  Lake  concentration) 

49  times  Elliot  Lake  concentration) 

53  times  Elliot  Lake  concentration) 

19  times  Elliot  Lake  concentration) 

2  times  Elliot  Lake  concentration) 

3  times  Elliot  Lake  concentration) 
5  times  Elliot  Lake  concentration) 


Potassium 


(  2  times  Elliot  Lake  concentration) 


Similarly,  surface  layers  of  tailings  in  the  Elliot  Lake  camp 
generally  contain  more  of  the  following  substances  than  do  similar 
layers  in  the  Bancroft  mining  camp: 


The  sometimes  dramatic  differences  in  the  level  of  a  specific 
substance  (Bancroft  camp  versus  Elliot  Lake  camp)  are  routinely  of 
little  environmental  significance.    For  instance,  the  high  level  of 
fluorine  in  the  Bancroft  camp  tailings  samples  is  easily  accounted 
for  by  the  presence  of  a  relatively  stable  mineral  called  fluorite 
(GaF^)^    The  elevated  level  of  phosphorus  is  largely  due  to 
minerals  called  fluorapatite  Ca^PO^^F  and  chlorapatite 
Cag(P0^)Cl  respectively.     Many  of  the  other  substances  listed 
are  due  to  the  presence  of  relatively  stable  complex  silicates  (see 
"The  Chemical  Characteristics  of  Mineral  Tailings  in  the  Province  of 
Ontario  1979" ) . 


Nitrogen  (  2  times  Bancroft  concentration) 
Bismuth  (16  times  Bancroft  concentration) 
Sulphur    (  3  times  Bancroft  concentration) 
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Many  of  the  substances  discussed  occur  in  both  camps  at  levels  which 
are  similar  to  or  below  those  routinely  found  in  representative 
average  sections  of  the  earth's  crust.    These  include: 

zinc 

vanadium 
t  i  tani  urn 
stronti  urn 
sod  i  urn 
potassium 
nickel 
mercury 
manganese 
magnesi  urn 
i  ron 
copper 
cobal  t 
chromium 
cal ci  urn 
barium 
al  urn  in  urn 
phosphorus 

and  probably  include: 

sel eni urn 

cadmium 

antimony 

As  in  many  other  mining  camps  in  Ontario,  the  fundamental  difference 
between  the  two  camps  in  queston  is  not  the  relative  levels  of  a 
chemical  substace  but  the  actual  form  the  substance  takes.  For 
instance,  iron  levels  in  Bancroft  are  actually  greater  than  those  in 
Elliot  Lake,     In  the  Bancroft  camp,  however,  the  iron  routinely 
occurs  in  relatively  stable  complex  silicates  whereas  in  the  Elliot 
Lake  camp  iron  is  routinely  found  in  the  form  of  unstable  iron 
sulphide  minerals  which  give  rise  to  the  severe  environmental 
condition  known  as  "acid  mine  drainage".     Sulphur  levels  in  the 
Elliot  Lake  camp  tailings  are  roughly  three  times  the  concentration 
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found  in  the  Bancroft  camp  but,  again,  this  is  only  significant 
because  the  sulphur  in  Elliot  Lake  exists  routinely  in  the  form  of 
unstable  sulphides  whereas  in  Bancroft  other  more  stable  chemical 
forms  (sulphates,  etc.)  are  more  common. 

Levels  of  lead  and  tungsten  in  both  camps  are  high  relative  to 
average  concentrations  quoted  for  the  earth's  crust.    From  a 
chemical  standpoint,  however,  neither  (in  the  concentrations  that 
currently  exist)  appears  to  present  a  significant  environment 
probl  em. 

In  general,  from  an  environmental  viewpoint,  the  only  significant 
difference  between  the  chemical  makeup  of  the  surface  layers  of 
tailings  in  the  Elliot  Lake  and  Bancroft  camps  is  the  occurrence  of 
iron  and  sulphur  in  an  unstable  combination  in  the  Elliot  Lake 
camp.    The  ensuing  acid  mine  drainage  gives  rise  to  adverse 
environmental  conditions. 

(B)  Physical  Characteristics  of  the  Surface  Layers  of  Known  Ontario 
Uranium  Tailings  Deposits 

(see  Table  Two) 

From  a  practical,  physical   (particle  size)  viewpoint,  the  surface 
layers  of  the  tailings  deposits  found  in  the  Elliot  Lake  and 
Bancroft  camps  are  very  similar.    Routinely,  only  about  5  percent  of 
each  sample  would  pass  through  a  400  mesh  standard  Tyler  sieve. 

(C)  Radiological  Characteristics  of  the  Surface  Layers  of  Known 
Ontario  Uranium  Tailings  Deposits 


The  radiological  characteristics  of  the  surface  layers  of  tailings 
found  in  the  Elliot  Lake  and  Bancroft  mining  camps  appear  to  differ 
as  fol  Lows  : 


(see  Table  Three) 


Note: 


All  values  quoted  are  pi coCuri es/gram  with  the 
exception  of  uranium  which  is  expressed  in 
micrograms/gram. 
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(a)  al pha  acti  vity 

Elliot  Lake  camp:    3  times  that  in  Bancroft 
( d )  beta  activity 

Elliot  Lake  camp:    2  times  that  in  Bancroft 

(c)  gamma  activity 

Elliot  Lake  camp:    1.7  times  that  in  Bancroft 

(d)  uranium  concentration 

Elliot  Lake  camp:    1.6  times  that  in  Bancroft 

(e)  Ra-226  activity 

appears  to  be  identical  in  both  camps 

(f)  Ra-228  activity 

probably  identical  in  both  camps 

(g)  Pb-210  activity 

appears  to  be  identical  in  both  camps 

(h)  Th-227  activity 

Elliot  Lake  camp:    2  times  that  in  Bancroft 

(i)  Th-228  activity 

Elliot  Lake  camp:  1.5  times  that  in  Bancroft 
(j )  Th-230  activity 

Elliot  Lake  camp:    2  times  that  in  Bancroft 
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(k)  Th-232  activity 


Elliot  Lake  camp:  1.5  times  that  in  Bancroft 
( 1  )  Po-210  activity 

Elliot  Lake  camp:  1.8  times  that  in  Bancroft 
(m)  81-210  activity 

probably  identical  in  both  camps 

Although  the  radiological  characteristics  of  the  surface  layers  of 
tailings  in  the  Elliot  Lake  and  Bancroft  camps  differ  in  intensity, 
it  is  probable  that  similar  radiological  control  strategies  will  be 
required  in  each  camp  since  the  levels  found  in  each  camp  are 
significant  and  generally  are  well  above  background. 
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INTRODUCTION 


In  a  previous  234-page  report  entitled  "The  Chemical  Characteristics 
of  Mineral  Tailings  in  the  Province  of  Ontario",  the  chemical  nature 
of  a  limited  number  of  uranium  tailings  deposits  in  Ontario  was 
discussed.    Physical  and  radiological  characteristics  were  not 
mentioned.    The  intent  of  this  report,  therefore,  is  to  outline,  in 
some  detail,  the  chemical,  physical  and  radiological  characteristics 
of  the  surface  layers  of  all  known  uranium  tailings  deposits  in 
Ontario  and  to  make  relevant  observations. 

Known  tailings  masses  resulting  from  all  mining  operations  in 
Ontario  cover  over  25,000  acres  (approximately  40  square  miles)  and 
contain  one  billion  one  hundred  million  tons  of  tailings.  In 
contrast,  uranium  tailings  deposits  on  the  ground  today  in  Ontario 
contain  approximately  102,000,000  tons  of  tailings  and  cover 
approximately  1  ,200  acres.    Seen  in  perspective,  uranium  tailings 
tonnages  represent  slightly  less  than  10  percent  of  all  tailings  on 
the  ground  in  Ontario  and  account  for  less  than  5  percent  of  the 
land  covered  by  mineral  tailings. 

Occurrences  of  uranium  are  known  in  many  parts  of  the  Province  but, 
at  present,  uranium  is  only  mined  in  two  areas;  Elliot  Lake  and 
Bancroft . 

From  an  environmental  standpoint,  the  mining  camps  of  Elliot  Lake 
and  Bancroft  are  hardly  comparable.    Tailings  on  the  ground  in 
Elliot  Lake  currently  total  95,550,000  tons  with  an  additional 
225,000,000  tons  planned.    On  the  other  hand,  tailings  on  the  ground 
in  Bancroft  total  5,860,000  tons.    The  ore  in  Elliot  Lake  contains 
iron  sulphides  that  give  rise  to  acid  mine  drainage  conditions. 
Bancroft  ores  are  such  that  acid  mine  drainage  is  not  normally  a 
problem.    Many  other  dissimilarities  exist. 
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The  environmental  problems  due  to  abandoned  or  inadequately 
maintained  tailings  areas  have  been  well  documented  by  the  Ontario 
Ministry  of  the  Environment.    Relevant  documents  include  the 
fol lowing: 

1.  "The  Problem  of  Acid  Mine  Drainage  in  the  Province  of 
Ontario"  (1977,  338  pages); 

2.  "The  Use,  Characteristics  and  Toxicity  of  Mine-Mill 
Reagents  in  the  Province  of  Ontario"  (1977,  244  pages); 

3.  "On  Land  or  Under  Water?    The  Tailings  Disposal  Problem" 
(1975,  44  pages). 

4.  "Mine  Waste  Control  in  Ontario"  (1977,  241  pages). 

5.  "Guidelines  for  Environmental  Cortrol   in  the  Ontario 
Mineral   Industry"  (1978,  27  pages). 

In  brief,  poorly  controlled  tailings  areas  exposed  to  the  atmosphere 
can  give  rise  to  environmental  problems  which  may  include  one  or 
more  of  the  following: 

1.  Leaching  of  contaminants  from  the  tailings  with  subsequent 
impairment  of  downstream  areas.    Routinely  encountered 
contaminants  include  undesirable  metals,  acids,  arsenic  and 
rad  i  oi  sotopes . 

2.  Physical  deterioration  of  a  tailings  area  by  natural 
processes  such  as  erosion.    Existing  tailings  dams  and 
decant  structures  may  be  weakened  to  the  point  of  failure. 
Upon  failure,  large  volumes  of  contaminated  sediment  can  be 
carried  to  downstream  areas.    In  addition,  wind  can  lift 
contaminated  material  from  the  surface  of  a  tailings  mass 
and  transport  it  long  distances. 

3.  Contamination  of  local  groundwater  supplies. 


4. 


Contamination  of  local  vegetation  and  animal  life  by 
processes  such  as  metal  uptake  and  bio-accumulation. 
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The  chemical  and  physical  characteristics  of  any  specific  tailings 
deposit  depend  on  the  geology  and  mineralogy  of  the  deposit  being 
mined,  the  mining  method  being  used  and  on  the  milling  procedures 
that  are  (or  were  being)  followed  in  order  to  liberate  the  required 
mineral  values  from  the  ore.    Even  within  the  same  mining  camp,  the 
chemical  and  physical  characteristics  of  individual  tailings  masses 
often  (although  not  always)  vary  widely. 

Over  the  years,  there  have  been  many  notable  instances  of 
contaminated  discharges  from  active  and  abandoned  tailings  deposits 
in  Ontario.    Close  examination  of  these  discharges  frequently 
revealed  a  complex  chemical  nature  that  was  previously  unsuspected. 
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SAMPLING  AND  ANALYTICAL  PROCEDURES 


This  report  is  based  on  19  composite  samples  of  tailings  that  were 
taken  during  the  fall  of  1980.    Each  composite  sample  was  intended 
to  represent  the  surface  layer  of  a  specific  tailings  deposit  to  a 
depth  of  approximately  20  centimetres.    All  known  major  deposits  of 
uranium  tailings  in  the  Province  were  sampled. 

Each  sample  was  subjected  to  physical,  chemical  and  radiological 
testing : 

(A)  Physical  Testing 

( i )    Sieve  Anal ysi  s 

After  drying  at  105°C  when  necessary,  all  samples  were  passed 
through  a  series  of  standard  Tyler  screens  (No.  18,  No.  35,  No. 
60,  No.  140,  No.  270,  No.  400,  pan). 

The  percent  by  weight  of  sample  retained  on  each  screen  was 
noted.    The  samples  did  not  receive  any  preliminary  treatment  to 
eliminate  organic  matter  (roots,  twigs,  etc.). 

( i i  )  Moi  sture  Content 

Each  sample  was  dried  at  105°C  to  a  constant  weight. 

(B)  Chemical  Testing 

The  following  work  was  carried  out  on  each  sample: 

pH  val  ue 
Boron  as  B 
Carbonate  as  CO^ 
Chloride  as  CI 
Fl  uori  de  as  F 

Total  Kjeldahl  Nitrogen  as  N 
Total  Phosphorus  as  P 
Sulphate  as  S0^ 
Sul phur  as  S 

-  14  - 


Total 

Al  uminum  as  Al 

Total 

Antimony  as  Sb 

Total 

Arsenic  as  As 

Total 

Barium  as  Ba 

Total 

Bismuth  as  Bi 

Total 

Cadmium  as  Cd 

Total 

Cal  ci  urn  as  Ca 

Total 

Chromium  as  Cr 

Total 

Cobalt  as  Co 

Total 

Copper  as  Cu 

Total 

Indium  as  In 

Total 

Iron  as  Fe 

Total 

Lead  as  Pb 

Total 

Lithium  as  Li 

Total 

Magnesium  as  Mg 

Total 

Manganese  as  Mn 

Total 

Mercury  as  Hg 

Total 

Molybdenum  as  Mo 

Total 

Nickel  as  Ni 

Total 

Potassium  as  K 

Total 

Selenium  as  Se 

Total 

Sodium  as  Na 

Total 

Strontium  as  Sr 

Total 

Tin  as  Sn 

Total 

Titanium  as  Ti 

Total 

Tungsten  as  W 

Total 

Vanadium  as  V 

Total 

Zinc  as  Zn 

The  above  were  determined  by  the  following  methods: 

(a)  All  samples  (excluding  mercury)  were  dried  at  105°C  prior 
to  analysis.    Samples  for  mercury  analysis  were  dried  at 
60°C. 

(b)  Metal  s:    Li,  Na ,  Mg ,  Al  ,  K,  Ca ,  Ti  ,  V,  Cr,  Mn ,  Fe ,  Co,  Ni  , 

Cu,  Zn,  Sr,  Mo,  Cd ,  In,  Sn ,  Ba ,  W,  Pb 


The  samples  were  digested  with  aqua  regia  and  hydrofluoric 
acid  in  a  Teflon  bomb  or  digestion  vessel.    After  cooling, 
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diluting  and  suitable  preparation  of  subsamples,  the  metals 
were  determined  by  flame  atomic  absorption  or  plasma 
emissi  on . 

Arsenic,  Antimony,  Selenium  and  Bismuth 

An  aliquot  of  the  digestate  from  (b)  above  was  reduced  with 
potassium  iodide  and  the  elements  were  then  determined  by 
hydride  formation  and  non-flame  atomic  absorption. 

Mercury 

The  samples  were  digested  in  aqua  regia  and  treated  with 
KMnO^.    After  reduction  with  stannous  chloride  the 
mercury  was  determined  by  cold  vapour  flameless  atomic 
absorpti on . 

Carbonate 

Carbonate  was  determined  by  loss  in  weight  when  the  samples 
were  reacted  with  HC1 .    This  method  is  not  particularly 
accurate  but  does  serve  as  an  indication. 

Sul phur 

Sulphur  was  determined  by  Leco  Analyser. 
Boron,  Sulphate,  Chloride 

The  samples  were  fused  with  a  50/50  mixture  of  sodium 
carbonate  and  potassium  carbonate,  extracted  with  water  and 
determined  col  ouri  metri  cal  I  y  on  an  AutoAnal  yser . 
Difficulties  were  experienced  with  the  sulphate 
determinations  and  as  a  result,  a  tu rbi di metri c  method  was 
finally  used  to  determine  the  SO,  in  the  fused  samples. 
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(h )  Total  Nitrogen 

The  samples  were  digested  with  concentrated  sulphuric  acid 
in  the  presence  of  potassium  sulphate  and  a  catalyst. 
After  cooling  and  diluting,  nitrogen  was  determined  by  an 
AutoAnalyser. 

( i )  Total  Phosphorus 

After  preliminary  nitric-perchloric-sul  phuri  c  acid 
digestion,  phosphorus  was  determined  on  an  AutoAnalyser. 

Qual  i ty  Control 

Routine  quality  control  procedures  included: 

(i)  analysis  of  blank  solutions  to  establish  laboratory 
background  levels  of  contamination 

(ii)  spiking  of  samples  to  determine  recovery 

(iii)  duplication  of  analyses  to  determine  reproducibility 

(iv)  checking  of  standards  to  determine  uniform  instrument 
response . 

Instrumentation  Used  or  Available 

Unicam  S.P.  500  Series  2  UV/Visible  Spectrophotometer 

I.L.  251  Atomic  Absorption  Spectrophotometer  with  background 

correcti  on 

Varian  hydride  attachment  for  AAS 

Spectra  Metrics  plasma  emission  spectrometer 

Radiometer  pH  meter 

Technicon  AutoAnalyser 

Block  Digesters 

Leco  Sulphur  induction  furnace  with  manual  titration 
Pharmacia  Mercury  Monitor 
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Orion  Fluoride  electrode  and  meter 
Series  of  3"  Tyler  sieves 
NO RAM  test  sieve  shaker 

(C)  Radiological  Determinations 

All  samples  obtained  in  the  fall  of  1980  were  subjected  to 
radiochemical  analysis.    All  analyses  were  carried  out  in  the 
Radiochemistry  Laboratory  at  Carleton  University  (Ottawa,  Canada). 
The  following  parameters  were  reported: 

gross  al pha  acti  vity 

gross  beta  activity 

garnna  acti  vity 

uranium 

Ra-226 

Ra-228 

Pb-210 

Th-227 

Th-228 

Th-230 

Th-232 

Po-210 

Bi -210 

Gross  alpha  activity  was  measured  on  thin  solid  samples  using  an 
alpha  proportional  detector.    With  this  approach,  there  are  problems 
involving  sampling  and  alpha  particle  absorption  which  influence  the 
reliability  of  the  measurements  obtained.    However,  the  results  do 
give  some  indication  of  relative  alpha  activities  from  property  to 
property.    Gross  beta  activities  were  measured  on  similar  but 
thicker  solid  samples  using  a  beta  proportional  detector.  Each 
sample  was  covered  with  thin  aluminum  foil  to  screen  out  alpha 
particles.    These  screens  also  tend  to  remove  very  low  energy  beta 
particles  but  measurement  of  these  particular  particles  is  somewhat 
Unrealistic  anyway  due  to  serious  self  absorption. 
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Ganrna  activity  was  measured  using  a  Nal  scintillation  detector  and 
multichannel  analyzer.    Everything  over  an  energy  of  100  KeV  was 
reported . 

Uranium  was  measured  by  a  fluorescence  method  (contracted  out  to 
Bondar  and  Clegg  Company  of  Ottawa). 

All  other  determinations  were  done  using  standard  methods  and  using 
the  equipment  mentioned  above  including  an  alpha  particle 
spectrometer . 

All  results  quoted  are  in  picoCuries  per  gram  with  the  exception  of 
uranium  which  is  expressed  in  micrograms  per  gram.    All  values  are 
believed  to  be  accurate  to  _+l 0%  or  +1  pCi  ,  whichever  is  greater. 

All  analyses  were  cone  on  duplicate  aliquots  starting  from  a  single 
sample  of  each  solid,  dissolved  and  diluted.    Agreement  between 
duplicates  was  satisfactory. 

Some  apparent  discrepancies  are  to  be  noted  in  the  data  presented 
where  one  would  expect  that  Pb- 210,  Bi -210  and  Po-210  should  be  in 
equilibrium.    While  the  agreement  is  often  fairly  good,  some  large 
disparities  are  seen.    At  the  present  time,  an  explanation  is  not 
forthcoming  for  these  differences.    Some  similar  disparities  are 
also  noted  between  Th- 232  and  Th-228.     It  is  possible,  however,  that 
in  the  case  of  slurries,  the  equilibrium  in  any  small  sample  may 
well  not  represent  the  whole. 


-  19  - 


APPENDIX -A 


Analytical  Results 
Mineral  Tailings 

Uranium  Operations 
El  1 i ot  Lake  Camp 
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GENERAL 


El  I  iot  Lake ,  Ontari o 

The  analytical  results  quoted  in  Appendix  A  are  based  on  10 
composite  tailings  samples  taken  in  the  Elliot  Lake  mining  camp. 
These  samples  are  thought  to  reasonably  represent  the  surface  layers 
(to  a  depth  of  approximately  20  centimetres)  of  tailings  deposits  in 
the  area. 

Appendix  A  is  divided  into  three  parts: 


Part  A 


Chemical  Data 


Part  B 


Physical  Data 


Part  C 


Nuclear  Data 
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PART  A:     CHEMICAL  DATA 

Note:    All  values  expressed  as  milligrams  per  kilogram  (except  for 
pH  values  and  where  stated). 
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ELLIOT  LAKE 


Sample  Code 

No.  4 

No.  8 

No.  10 

No.  11 

pH  val  ue 

4.1 

3.7 

6.9 

3. 

6 

Moi  sture  % 

26.8 

20.6 

10.3 

20. 

7 

Boron 

as  B 

<20 

<20 

<20 

<20 

Carbonate  as  CO3 

1,100 

600 

5,900 

300 

Chloride  as  CI 

470 

310 

200 

190 

Fl uoride  as  F 

100 

100 

70 

115 

Total 

Kjeldahl  Nitrogen  as  1 

)  70 

80 

20 

40 

Total 

Phosphorus  as  P 

115 

83 

205 

180 

Sulphate  as  SO4 

79,800 

38,900 

68,200 

76,000 

Sul  ph 

jr  as  S 

57,900 

8,900 

36,700 

53,400 

Total 

Al  uminum  as  Al 

37  ,400 

17 ,300 

20,300 

23,100 

Total 

Antimony  as  Sb 

1 

<0.5 

1 

1 

Total 

Arsenic  as  As 

20 

235 

15 

15 

Total 

Barium  as  Ba 

310 

130 

150 

20 

Total 

Bismuth  as  Bi 

46 

12 

15 

23 

Total 

Cadmium  as  Cd 

<2 

<2 

<2 

<2 

Total 

Cal  ci  urn  as  Ca 

29,100 

2,800 

7,000 

6,850 

Total 

Chromium  as  Cr 

29 

14 

16 

15 

Total 

Cobalt  as  Co 

20 

17 

27 

34 

Total 

Copper  as  Cu 

43 

68 

34 

36 

Total 

Indium  as  In 

4 

2 

1 

3 

Total 

Iron  as  Fe 

22,700 

37,300 

20,700 

29,300 

Total 

Lead  as  Pb 

625 

40 

170 

245 

Total 

Lithium  as  Li 

9 

3 

3 

5 

Total 

Magnesium  as  Mg 

170 

530 

170 

150 

Total 

Manganese  as  Mn 

10 

45 

20 

10 

Total 

Mercury  as  Hg 

0.04 

0.04 

0.22 

0, 

10 

Total 

Molybdenum  as  Mo 

15 

<  15 

<  15 

<  15 

Total 

Nickel  as  Ni 

2 

<  2 

16 

14 

Total 

Potassium  as  K 

11,500 

5,900 

5,800 

6,800 

Total 

Selenium  as  Se 

<  0.5 

<  0.5 

1.0 

1. 

0 

Total 

Sodium  as  Na 

300 

1,000 

300 

290 

Total 

Strontium  as  Sr 

25 

20 

10 

10 

Total 

Tin  as  Sn 

80 

70 

60 

60 

Total 

Titanium  as  Ti 

600 

400 

7,500 

5,800 

Total 

Tungsten  as  W 

110 

40 

80 

70 

Total 

Vanadium  as  V 

35 

20 

<  10 

<  10 

Total 

Zinc  as  Zn 

37 

14 

35 

13 
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ELLIOT  LAKE 


Sample 

Code 

No.  13 

No.  14 

No.  16 

No.  17 

pH  val  ue 

2.7 

2.5 

2. 

7 

3. 

0 

Moisture  % 

9.8 

9.7 

5. 

3 

16. 

4 

Boron 

as  B 

<20 

<20 

<20 

<20 

Carbonate  as  CO3 

400 

600 

500 

700 

Chloride  as  CI 

200 

290 

210 

180 

Fl uori  de  as  F 

80 

100 

100 

100 

Total 

Kjeldahl  Nitrogen  as  f 

1  30 

25 

20 

60 

Total 

Phosphorus  as  P 

66 

70 

240 

373 

Sulphate  as  SO4 

23,700 

27 ,100 

72,700 

56,900 

Sul phur  as  S 

6,900 

6,500 

36,600 

30,600 

Total 

Al  uminum  as  Al 

17  ,300 

22,900 

20,100 

21,600 

Total 

Antimony  as  Sb 

1 

1 

<0. 

5 

<0. 

5 

Total 

Arsenic  as  As 

<5 

<5 

20 

10 

Total 

Barium  as  Ba 

120 

180 

180 

140 

Total 

Bismuth  as  Bi 

9 

17 

16 

21 

Total 

Cadmium  as  Cd 

<2 

<2 

<2 

<2 

Total 

Cal  ci  urn  as  Ca 

1,900 

50 

1,200 

7,300 

Total 

Chromium  as  Cr 

14 

12 

11 

8 

Total 

Cobalt  as  Co 

7 

5 

36 

21 

Total 

Copper  as  Cu 

17 

18 

27 

19 

Total 

Indium  as  In 

2 

2 

3 

2 

Total 

Iron  as  Fe 

4,300 

6,300 

26,900 

19,900 

Total 

Lead  as  Pb 

150 

155 

145 

205 

Total 

Lithium  as  Li 

3 

3 

5 

2 

Total 

Magnesium  as  Mg 

140 

90 

140 

140 

Total 

Manganese  as  Mn 

5 

5 

10 

5 

Total 

Mercury  as  Hg 

0.13 

0.04 

0. 

04 

0.06 

Total 

Molybdenum  as  Mo 

65 

<  15 

<  15 

<  15 

Total 

Nickel  as  Ni 

<  2 

<  2 

20 

13 

Total 

Potassium  as  K 

6,400 

10,400 

6,800 

7,000 

Total 

Selenium  as  Se 

<  0.  5 

<  0.5 

1. 

0 

1. 

0 

Total 

Sodium  as  Na 

12,300 

300 

300 

300 

Total 

Strontium  as  Sr 

5 

15 

10 

10 

Total 

Tin  as  Sn 

50 

70 

60 

40 

Total 

Titanium  as  Ti 

4,900 

5,050 

3,350 

2,350 

Total 

Tungsten  as  W 

50 

30 

40 

60 

Total 

Vanadium  as  V 

<10 

<10 

<10 

15 

Total 

Zinc  as  Zn 

6 

3 

13 

7 
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ELLIOT  LAKE 


Sample  Code 


No.  18 


No.  19 


pH  val  ue 

5. 

6 

7 

Moisture  % 

20. 

4 

12 

Boron 

as  B 

<20 

<20 

Carbonate  as  CO3 

3,700 

5,100 

Chloride  as  CI 

180 

170 

Fluoride  as  F 

100 

80 

Total 

Kjeldahl  Nitrogen 

as  N  30 

30 

Total 

Phosphorus  as  P 

78 

88 

Sulphate  as  SO4 

41,800 

5,285 

Sul  phur  as  S 

20,500 

2,400 

Total 

Al  uminum  as  Al 

21,000 

27,100 

Total 

Antimony  as  Sb 

<0. 

5 

<0 

Total 

Arsenic  as  As 

15 

10 

Total 

Barium  as  Ba 

150 

440 

Total 

Bismuth  as  Bi 

13 

20 

Total 

Cadmium  as  Cd 

<2 

<2 

Total 

Cal  ci  urn  as  Ca 

1,600 

4,700 

Total 

Chromium  as  Cr 

12 

9 

Total 

Cobalt  as  Co 

14 

7 

Total 

Copper  as  Cu 

16 

13 

Total 

Indium  as  In 

2 

2 

Total 

Iron  as  Fe 

17,600 

6,600 

Total 

Lead  as  Pb 

110 

220 

Total 

Lithium  as  Li 

3 

5 

Total 

Magnesium  as  Mg 

270 

200 

Total 

Manganese  as  Mn 

5 

10 

Total 

Mercury  as  Hg 

0.04 

0 

Total 

Molybdenum  as  Mo 

<  15 

<  15 

Total 

Nickel  as  Ni 

9 

2 

Total 

Potassium  as  K 

9,100 

11,200 

Total 

Selenium  as  Se 

<0.5 

<  0 

Total 

Sodium  as  Na 

300 

400 

Total 

Strontium  as  Sr 

10 

25 

Total 

Tin  as  Sn 

60 

120 

Total 

Titanium  as  Ti 

3,400 

4,800 

Total 

Tungsten  as  W 

40 

40 

Total 

Vanadium  as  V 

10 

<  10 

Total 

Zinc  as  Zn 

3 

5 
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ELLIOT  LAKE 


Sample  Code  Data  Range  Typical 

Composi ti on 


pH  val  ue  2.5  to  7.8  4.3 

Moisture  %  5.3  to  26.8  15.2 

Boron  as  B  range  constant  <  20 

Carbonate  as  CO3  300  to  5,900  1,890 

Chloride  as  CI  170  to  470  240 

Fl uoride  as  F  70  to  115  .  95 

Total  Kjeldahl  Nitrogen  as  N  20  to  80  41 

Total  Phosphorus  as  P  66  to  373  150 

Sulphate  as  S04  23,700  to  79,800  53,911 

Sulphur  as  S  2,400  to  57,900  26,040 

Total  Aluminum  as  Al  17  ,300  to  37  ,400  22,810 

Total  Antimony  as  Sb  <0.5  to  1.0  <0.8 

Total  Arsenic  as  As  <5  to  235  <13 

Total  Barium  as  Ba  20  to  440  150 

Total  Bismuth  as  Bi  9  to  46  19 

Total  Cadmium  as  Cd  range  constant  <2 

Total  Calcium  as  Ca  50  to  29,100  4,169 

Total  Chromium  as  Cr  8  to  29  14 

Total  Cobalt  as  Co  5  to  36  19 

Total  Copper  as  Cu  13  to  68  29 

Total   Indium  as  In  1  to  4  2 

Total   Iron  as  Fe  4,300  to  37,300  19,160 

Total  Lead  as  Pb  40  to  625  160 

Total  Lithium  as  Li  2  to  9  4 

Total  Magnesium  as  Mg  90  to  530  200 

Total  Manganese  as  Mn  5  to  45  13 

Total  Mercury  as  Hg  .04  to  .22  .08 

Total  Molybdenum  as  Mo  <  15  to  65  <  15 

Total  Nickel  as  Ni  2  to  20  8 

Total  Potassium  as  K  5,800  to  11,500  8,090 

Total   Selenium  as  Se  <.5  to  1.0  <  .7 

Total  Sodium  as  Na  290  to  12,300  311 

Total  Strontium  as  Sr  5  to  25  14 

Total  Tin  as  Sn  40  to  120  67 

Total  Titanium  as  Ti  400  to  7,500  4,644 

Total  Tungsten  as  W  30  to  110  56 

Total  Vanadium  as  V  < 10  to  35  < 14 

Total  Zinc  as  Zn  3  to  37  14 
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PART  B:     PHYSICAL  DATA 
Note:    All  values  expressed  as  percent  retained  on  each  sieve. 
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ELLIOT  LAKE 


Percent  Retained  on  Each  Screen 


Sample 

Code 

Ty  1  er 
Sieve 
No.  18 

Ty  1  er 
Sieve 
No.  35 

Ty  1  er 
Sieve 
No.  60 

Ty  1  er 
Sieve 
No.  140 

Ty  1  er 
Si  eve 
No.  270 

Tyl  er 
Si  eve 
No.  400 

Tyl  er 
Sieve 
Pan 

INO .  4 

<  U .  1 

Do  .  C 

1A  7 

7  9 
I.e. 

1  7 

i.i 

INO  .  O 

9  Q 

c .  y 

0.0 

A  A 

OU .  O 

ou .  / 

10  .  1 

Q  9 
y.c. 

INO .  1U 

n  a 

D  .  0 

CO  .  0 

at.  n 
to .  u 

IRQ 

id  .  y 

7  P. 
0.0 

9  P. 

liU  .  11 

i  i 
i.i 

O.J 

LJi  1 

A^  A 

H-O  .  H 

1 R  Q 

io .  y 

0.0 

1  Q 

i .  y 

INO  •  10 

n  9 

H  .  O 

1  7  1 

1  /  .  1 

AR  R 

HO  •  O 

91  Q 
c  l .  y 

0.0 

H  .  1 

No.  14 

2.1 

10.3 

31.2 

37.4 

12.7 

3.1 

3.2 

No.  16 

0.5 

12.  L 

54.8 

28.5 

3.2 

0.3 

0.4 

No.  17 

0.9 

9.7 

13.5 

48.8 

20.6 

3.7 

2.7 

No.  18 

0.5 

5.7 

15.1 

66.4 

9.5 

1.7 

1.1 

No.  19 

2.4 

2.0 

7.2 

48.7 

26.9 

7.8 

5.0 

Range 

<0.1 
to 
2.9 

2.0 

to 

12.1 

4.4 

to 
54.8 

28.5 

to 
66.4 

3.2 

to 
30.7 

0.3 

to 

16.1 

0.4 

to 

9.2 

Typi  cal 

Val  ue 

<1.1 

6,3 

29.9 

42.8 

16.6 

5.0 

3.2 
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PART  C:     NUCLEAR  DATA 


Note:    All  values  expressed  as  picoCuries  per  gram  except  uranium 
which  is  expressed  as  micrograms  per  gram. 
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ELLIOT  LAKE 


Sample  Code  No. 


4 

8 

10 

11 

13 

14 

16 

17 

18 

19 

al  pha 
acti  vity 

1,500 

321 

154 

1,215 

134 

131 

121 

1,600 

254 

556 

beta 

acti  vity 

1,340 

259 

316 

1,720 

333 

319 

390 

1,230 

234 

480 

garnna 
acti  vity 

2,000 

308 

358 

1,190 

433 

478 

463 

1,370 

346 

643 

U 

46. 

3 

5. 

8 

57. 

3 

61. 

9 

11. 

1 

11. 

9 

58. 

7 

29. 

8 

14. 

3 

13. 

8 

Ra-226 

263 

68 

88 

104 

25 

139 

47 

503 

42 

149 

Ra-228 

29 

2 

27 

26 

5 

13 

17 

59 

10 

15 

Pb-210 

89 

67 

70 

75 

76 

99 

82 

161 

78 

66 

Th-227 

14. 

6 

3. 

3 

4. 

9 

11. 

8 

3. 

6 

3. 

7 

9. 

0 

16. 

9 

3. 

9 

5. 

3 

Th-228 

77. 

7 

1. 

0 

18. 

1 

27. 

1 

12. 

2 

4. 

9 

19. 

9 

54. 

2 

5. 

6 

7. 

8 

Th-230 

517 

7. 

5 

96. 

8 

138 

13. 

4 

19. 

1 

91. 

0 

115 

21. 

2 

24. 

3 

Th-232 

72. 

9 

0. 

7 

16. 

2 

23. 

3 

9. 

1 

1. 

0 

"  17. 

7 

43. 

4 

3. 

3 

7. 

4 

Po-210 

399 

96. 

5 

67. 

6 

227 

72. 

0 

102 

99. 

8 

282 

79. 

4 

136 

Bi -210 

134 

77. 

1 

86. 

1 

,115 

61. 

5 

109 

93. 

1 

116 

39. 

5 

69. 

3 
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ELLIOT  LAKE 


Sample  Code 

Range 

Typi cal  Val  ue 

al  pha  act i  vity 

121  to  1,600 

599 

beta  activity 

234  to  1,720 

662 

garnna  acti  vity 

308  to  2,000 

759 

U 

5.8  to  61.9 

31 

Ra-226 

25  to  503 

92 

Ra-228 

2  to  59 

20 

Pb-210 

66  to  161 

86 

Th-227 

3.3  to  16.9 

8 

Th-228 

1.0  to  77.7 

25 

Th-230 

7.5  to  517 

59 

Th-232 

0.7  to  72.9 

20 

Po-210 

67.6  to  399 

156 

Bi  -210 

39.5  to  134 

90 
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APPENDIX  B 


Analytical  Results 
Mineral  Tailings 
Uranium  Operations 
Bancroft  Camp 
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GENERAL 


Bancroft,  Ontario 

The  analytical  results  quoted  in  Appendix  B  are  based  on  9  composite 
tailings  samples  taken  in  the  Bancroft  mining  camp.    These  samples 
are  thought  to  reasonably  represent  the  surface  layers  (to  a  depth 
of  approximately  20  centimetres)  of  tailings  deposits  in  the  area. 

Appendix  B  is  divided  into  three  parts: 


Part  A 


Chemical  Data 


Part  B 


Physical  Data 


Part  C 


Nuclear  Data 
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PART  A:     CHEMICAL  DATA 

Note:    All  values  expressed  as  milligrams  per  kilogram  (except  for 
pH  values  and  where  stated). 
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BANCROFT 


Sample 

Code 

No.  1 

No.  2 

No.  3 

No.  5 

No.  6 

pH  val  ue 

5.0 

3. 

7 

4.1 

6.7 

7.5 

Moisture  % 

20.1 

20. 

7 

16.0 

7.3 

17.7 

Boron 

as  B 

<20 

<20 

<20 

40 

170 

Carbonate  as  CO3 

100 

900 

1,400 

900 

1,300 

Chloride  as  CI 

380 

270 

330 

390 

670 

Fl  iioride  as  F 

420 

4,310 

310 

1,590 

900 

Total 

Kjeldahl  Nitrogen  as  \ 

i  35 

15 

25 

15 

15 

Total 

Phosphorus  as  P 

265 

265 

353 

844 

625 

Sulphate  as  SO4 

2,500 

41 ,925 

13,460 

43,900 

62  5 

Sul phur  as  S 

300 

18,100 

5,500 

14,500 

200 

Total 

Al  uminum  as  Al 

53,200 

50,200 

49,800 

37 ,500 

40,000 

Total 

Antimony  as  Sb 

1 

<0. 

5 

<0.5 

<0.5 

<0.  5 

Total 

Arsenic  as  As 

<5 

15 

15 

10 

10 

Total 

Barium  as  Ba 

540 

500 

440 

160 

150 

Total 

Bismuth  as  Bi 

13 

2 

2 

2 

1 

Total 

Cadmium  as  Cd 

<2 

<2 

<2 

<2 

<2 

Total 

Calcium  as  Ca 

9,920 

26,010 

12,010 

28,350 

20,200 

Total 

Chromium  as  Cr 

9 

21 

12 

53 

46 

Total 

Cobalt  as  Co 

7 

23 

9 

14 

13 

Total 

Copper  as  Cu 

2 

50 

18 

7 

11 

Total 

Indium  as  In 

7 

4 

2 

3 

3 

Total 

Iron  as  Fe 

13,400 

30,200 

- 

16,700 

21,500 

26,300 

Total 

Lead  as  Pb 

135 

180 

65 

110 

150 

Total 

Lithium  as  Li 

17 

57 

15 

44 

64 

Total 

Magnesium  as  Mg 

1,130 

1,690 

1,150 

2,660 

3,650 

Total 

Manganese  as  Mn 

250 

845 

305 

520 

710 

Total 

Mercury  as  Hg 

0.04 

0. 

09 

0.01 

0.22 

0.04 

Total 

Molybdenum  as  Mo 

85 

35 

35 

35 

30 

Total 

Nickel  as  Ni 

5 

24 

2 

28 

34 

Total 

Potassium  as  K 

25,500 

16,900 

21,900 

5,900 

7,000 

Total 

Selenium  as  Se 

<0.5 

<  0. 

5 

<  0.5 

<0.5 

0.5 

Total 

Sodium  as  Na 

19,000 

19,300 

17,800 

15,700 

17,400 

Total 

Strontium  as  Sr 

180 

360 

175 

435 

365 

Total 

Tin  as  Sn 

140 

140 

120 

120 

130 

Total 

Titanium  as  Ti 

650 

2,150 

1,450 

2,500 

3,700 

Total 

Tungsten  as  W 

100 

160 

100 

120 

120 

Total 

Vanadium  as  V 

15 

40 

25 

60 

55 

Total 

Zinc  as  Zn 

40 

222 

49 

59 

58 
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BANCROFT 


Sample 

Code 

No.  7 

No.  9 

No.  12 

No.  15 

pH  val  ue 

4. 

5 

4.3 

3.7 

5.0 

Moisture  % 

10. 

3 

21.8 

21.6 

33.3 

Boron 

as  B 

20 

20 

<20 

<20 

Carbonate  as  CO3 

600 

300 

500 

500 

Chloride  as  CI 

830 

300 

190 

200 

Fluoride  as  F 

3,800 

3,060 

4,180 

4,640 

Total 

Kjeldahl  Nitrogen 

as  N  30 

20 

.  15 

65 

Total 

Phosphorus  as  P 

927 

755 

894 

430 

Sulphate  as  SO4 

NA 

1,305 

19,600 

59,200 

Sul phur  as  S 

900 

1,000 

4,300 

25,800 

Total 

Al  uminum  as  Al 

41,200 

43,400 

30,000 

34,800 

Total 

Antimony  as  Sb 

<0. 

5 

2 

1 

<0.5 

Total 

Arsenic  as  As 

10 

10 

15 

15 

Total 

Barium  as  Ba 

290 

350 

200 

300 

Total 

Bismuth  as  Bi 

<0.5 

<0.5 

<0.5 

1 

Total 

Cadmium  as  Cd 

<2 

<2 

<2 

<2 

Total 

Cal  ci  urn  as  Ca 

17 ,600 

13,800 

15,850 

46,050 

Total 

Chromium  as  Cr 

15 

15 

15 

23 

Total 

Cobalt  as  Co 

4 

7 

2 

11 

Total 

Copper  as  Cu 

11 

7 

20 

62 

Total 

Indium  as  In 

2 

6 

4 

6 

Total 

Iron  as  Fe 

28,300 

16,200 

26,300 

32,400 

Total 

Lead  as  Pb 

110 

135 

90 

240 

Total 

Lithium  as  Li 

49 

43 

39 

70 

Total 

Magnesium  as  Mg 

1,220 

1,120 

980 

1,850 

Total 

Manganese  as  Mn 

860 

560 

585 

1,035 

Total 

Mercury  as  Hg 

0. 

11 

0.03 

0.08 

0.07 

Total 

Molybdenum  as  Mo 

<15 

<15 

<15 

<15 

Total 

Nickel  as  Ni 

<  2 

<2 

21 

2 

Total 

Potassium  as  K 

11,200 

13,400 

9,400 

11,100 

Total 

Selenium  as  Se 

<0. 

5 

<0.5 

1.0 

<0.5 

Total 

Sodium  as  Na 

14,500 

15,700 

1,100 

12,400 

Total 

Strontium  as  Sr 

270 

285 

150 

210 

Total 

Tin  as  Sn 

130 

120 

100 

140 

Total 

Titanium  as  Ti 

2,900 

1,250 

8,250 

3,100 

Total 

Tungsten  as  W 

90 

110 

110 

210 

Total 

Vanadium  as  V 

30 

25 

30 

45  . 

Total 

Zinc  as  Zn 

98 

59  - 

69 

107 
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BANCROFT 


Sample  Code  Data  Range  Typical 

Composition 


pH  val  ue 

3. 

7  to  7.5 

4. 

9 

Moisture  % 

7. 

3  to  33.3 

18. 

8 

Boron 

as  B 

<20 

to 

170 

<20 

Carbonate  as  CO3 

100 

to 

1,400 

722 

Chloride  as  CI 

190 

to 

830 

396 

Fl  uon'de  as  F 

310 

to 

4,640 

3,211 

Total 

Kjeldahl  Nitrogen  as  N 

15 

to 

65 

26 

Total 

Phosphorus  as  P 

265 

to 

927 

595 

Sulphate  as  SO4 

625 

to 

59,200 

35,617 

Sul phur  as  S 

200 

to 

25,800 

10,014 

Total 

Al  uminum  as  Al 

30,000  to 

53,200 

42,233 

Total 

Antimony  as  Sb 

<0.5 

to 

2 

<0. 

8 

Total 

Arsenic  as  As 

<5 

to 

15 

<12 

Total 

Barium  as  Ba 

150 

to 

540 

326 

Total 

Bismuth  as  Bi 

<0.5 

to 

13 

<1. 

2 

Total 

Cadmium  as  Cd 

constant 

<2 

<2 

Total 

Calcium  as  Ca 

9,920 

to 

46,050 

21,088 

Total 

Chromium  as  Cr 

9 

to 

53 

23 

Total 

Cobalt  as  Co 

2 

to 

23 

10 

Total 

Copper  as  Cu 

2 

to 

62 

21 

Total 

Indium  as  In 

2 

to 

7 

4 

Total 

Iron  as  Fe 

13,400 

to 

32,400 

23,478 

Total 

Lead  as  Pb 

65 

to 

240 

135 

Total 

Lithium  as  Li 

15 

to 

70 

44 

Total 

Magnesium  as  Mg 

980 

to 

3,650 

1,717 

Total 

Manganese  as  Mn 

250 

to 

1,035 

630 

Total 

Mercury  as  Hg 

.01 

to 

.22 

08 

Total 

Molybdenum  as  Mo 

<  15 

to 

85 

<31 

Total 

Nickel  as  Ni 

<2 

to 

34 

<13 

Total 

Potassium  as  K 

5,900 

to 

25,500 

13,589 

Total 

Selenium  as  Se 

<.5 

to 

1 

<0. 

6 

Total 

Sodium  as  Na 

1,100 

to 

19,300 

16,475 

Total 

Strontium  as  Sr 

150 

to 

435 

270 

Total 

Tin  as  Sn 

100 

to 

140 

127 

Total 

Titanium  as  Ti 

650 

to 

8,250 

3,163 

Total 

Tungsten  as  W 

90 

to 

210 

124 

Total 

Vanadium  as  V 

15 

to 

60 

36 

Total 

Zinc  as  Zn 

40 

to 

222 

67 
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PART  B:     PHYSICAL  DATA 
Note:    All  values  expressed  as  percent  retained  on  each  sieve 
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BANCROFT 


Percent  Retained  on  Each  Screen 


Sample  Code 

Ty  1  er 
Sieve 
No.  18 

Ty  1  er 
Sieve 
No.  35 

Ty  1  er 
Si  eve 
No.  60 

Ty  1  er 
Si  eve 
No.  140 

Ty  1  er 
Sieve 
No.  270 

Ty  1  er 
Si  eve 
No.  400 

Ty  1  er 
Sieve 
Pan 

No.  1 

0.39 

0.  59 

2.67 

28.2 

34.2 

22.3 

11.6 

No.  2 

<0. 1 

1.2 

10.2 

68.6 

14.  5 

2.7 

2.4 

No.  3 

<0.1 

1.3 

5.0 

43.0 

34.6 

9.6 

6.5 

No.  5 

<0. 1 

0.4 

8.1 

63.7 

19.3 

4.2 

4.3 

No.  6 

0.2 

3.0 

4.4 

32.9 

33.2 

13.1 

13.2 

No.  7 

0.4 

1.4 

7.5 

62.5 

18.7 

4.9 

4.7 

No.  9 

0.2 

0.4 

1.5 

58.3 

28.5 

6.7 

4.5 

No.  12 

0.9 

1.8 

5.6 

63.9 

21.0 

4.4 

2.5 

No.  15 

0.7 

8.6 

16.7 

54.6 

15.3 

2.0 

2.2 

Range 

<0.1 
to 
0.9 

0.4 

to 

8.6 

1.5 

to 

16.7 

28.2 
to 
68.6 

14.5 
to 

34.6 

2.0 

to 

22.3 

2.2 
to 

13.2 

Typical  Value 

<0.3 

1.3 

5.6 

52,9 

24.4 

6.0 

5.8 
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FART  C:     NUCLEAR  DATA 

Note:    All  values  expressed  as  picoCuries  per  gram  except  uranium 
which  is  expressed  as  micrograms  per  gram. 
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BANCROFT 


Sample  Code  No. 


1 

2 

3 

5 

6 

7 

9 

12 

15 

al  pha 
acti  vity 

136 

181 

114 

164 

306 

265 

187 

64 

717 

beta 

acti  vity 

318 

240 

451 

192 

454 

363 

281 

211 

1,390 

gamna 
acti  vity 

539 

607 

304 

363 

479 

634 

346 

365 

1,810 

U 

6. 

1 

23. 

2 

13.6 

29. 

6 

71. 

1 

21. 

0 

21. 

7 

14. 

3 

89.8 

Ra-226 

94 

46 

79 

34 

188 

144 

82 

108 

57 

Ra-228 

31 

17 

16 

9 

41 

60 

20 

23 

52 

Pb-210 

110 

65 

72 

53 

120 

78 

103 

58 

291 

Th-227 

1. 

6 

5. 

6 

0.9 

1 

14. 

9 

6. 

7 

6. 

3 

6. 

5 

17.2 

Th-228 

7. 

2 

28. 

3 

4.2 

7. 

7 

29. 

0 

51. 

7 

18. 

8 

23. 

9 

333 

Th-230 

17. 

0 

28. 

3 

5.3 

14. 

9 

135 

49. 

4 

22. 

2 

31. 

0 

495 

Th-232 

1. 

6 

13. 

0 

2.7 

1 

33. 

8 

27. 

5 

12. 

5 

13. 

8 

343 

Po-210 

130 

62. 

1 

69.5 

67. 

5 

126 

96. 

8 

98. 

7 

61. 

7 

326 

Bi -210 

123 

56. 

7 

72.7 

81. 

3 

212 

156 

134. 

7 

54. 

8 

307 
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BANCROFT 


Range 

Typical  Val  ue 

al pha  acti  vity 

64  to  717 

193 

beta  activity 

192  to  1,390 

314 

garnna  activity 

304  to  1,810 

455 

U 

6.1  to  89.8 

19 

Ra-226 

34  to  188 

92 

Ra-228 

9  to  60 

30 

Pb-210 

53  to  291 

82 

Th-227 

0.9  to  17.2 

4 

Th-228 

4.2  to  333 

17 

Th-230 

5.3  to  495 

27 

Th-232 

1.0  to  343 

13 

Po-210 

61.7  to  326 

89 

Bi -210 

54.8  to  307 

111 
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APPENDIX  C 

Specific  Half-Life 

of 

Radi  onucl i  des 
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RADIONUCLIDE 


HALF-LIFE 


Ra-226 

1602  years 

Ra-228 

6.7  years 

Pb-210 

20.4  years 

Th -227 

18.2  days 

Th-228 

1.9  years 

Th-230 

8  x  10H  years 

Th -232 

1         /II                 1  A  1  1,1 

1.41  x  10iU  years 

Bi -210 

5.0  days 

Pa-231 

3.25  x  104  years 

U-234 

2.47  x  105  years 

U-238 

4.51  x  109  years 

Po-210 

138  days 

Reference 

Radiological  Health  Handbook 
1970 
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